Abstract Cardiac senescence and age-related disease development have gained general attention and recognition in the past decades due to increased accessibility and quality of health care. The advancement in global civilization is complementary to concerns regarding population aging and development of chronic degenerative diseases. Cardiac degeneration has been rigorously studied. The molecular mechanisms of cardiac senescence are on multiple cellular levels and hold a multilayer complexity level, thereby hampering development of unambiguous treatment protocols. In particular, the synergistic exchange of the senescence phenotype through a senescence secretome between myocytes and stem cells appears complicated and is of great future therapeutic value. The current review article will highlight hallmarks of senescence, cardiac myocyte and stem cell senescence, and the mutual exchange of senescent secretome. Future cardiac cell therapy approaches require a comprehensive understanding of myocardial senescence to improve therapeutic efficiency as well as efficacy.
Introduction
The word senescence derives from the Latin senescere, which translates literally as "to grow old." Aging and inter-species differences in longevity have fascinated scientists and philosophers since the beginning of recorded history in ancient Egypt. Aristotle's Parva Naturalia (350 B.C.) called attention to aging and degenerative conditions in organisms. In more recent times, 40 years ago, initial insight into the cellular biology of senescence was achieved by Hayflick in his description of senescence as "a process that limits proliferation" [1] . Subsequent decades witnessed increasing cumulative knowledge in the causes, nature, and organ-specific effects of senescence.
Aging and senescence are often used interchangeably and synonymously, but there are deviations in the evolutionary and biological bases of these processes and underlying mechanisms. Aging refers to biological, behavioral, and social variability occurring over the course of life that does not necessarily increase the risk of death. Senescence, however, is a biological process of inexorable dysfunctional alterations leading to reduced probability of reproduction and an increased susceptibility to death [2] .
Intermingling of aging and senescence as related phenomena stems from the fact that aging is an indisputable major risk factor for promotion of senescence. A 2012 report by the United Nations Fund for Population Activities (UNFPA) states that the number of "old" people has increased to 810 million, is projected to reach 1 billion in less than 10 years, and will reach 2 billion by 2050. Longevity goes hand in hand with prolonged exposure to additional risk factors such as high cholesterol, hypertension, obesity, diabetes, and high levels of stress. Collectively, age-related alterations coincident with exposure to risk factors that adversely affect vitality represent a substantially increasing risk of senescence and progression of degenerative diseases among the population.
Furthermore, medical advances have replaced early mortality with increased chronic morbidity. The many examples include: 1) developments in chemotherapeutics have turned selected fetal cancers from postnatal lethality into chronic disease, 2) implementation of PTCA in clinics have transformed lethal myocardial infarctions into chronic conditions, 3) diabetes management has improved, and 4) many veterans survive injuries that would have been fatal in past wars, leaving veterans with polytrauma rather than causing loss of life [3] . A military journal report estimates that veterans (and other war survivors worldwide) are at risk for a variety of chronic and degenerative diseases and will require decades of health care [3] . Thus, the perspective on aging and senescence will inevitably shift from a "luxury problem" for a select few lucky individuals to a legitimate global concern affecting both bourgeois and proletariat alike and requiring an effective remedy. The fundamental basis for combating senescence originates in a comprehensive understanding of the underlying mechanisms in order to design interventional strategies to alter mechanisms and complement longevity with improved quality of life.
Cellular senescence refers to a permanent arrest of cell division functionally linked with deterrence of potential maladaptive threats stemming from oncogenic stress or DNA damage. In other words, stringent cell cycle arrest in senescent cells enforces a safety mechanism to defeat potential development of cancer. Cellular senescence can be induced by genetic damage and/or epigenetic disruption. The major initiator and facilitator of senescence is the DNA damage response (DDR) that causes permanent cell cycle arrest. Persistent DDR is initiated by telomere erosion, nontelomeric DNA damage, DNA double-strand breakage, the effect of histone deacetylase inhibitors on chromatin modification, and strong mitogenic stimuli that cause misfired replication origins, which culminates in a senescent phenotype by inducing and maintaining cell cycle arrest. Continual DDR activity in a senescent cell is reflected by distinct nuclear foci containing DDR proteins and phospho-ATM/ATR substrates designated as DNA segments with chromatin alterations reinforcing senescence (DNA-SCARS) [4-6, 7••, 8] .
The major difference between a senescent and quiescent cell is that, under physiological conditions, quiescent cells can re-enter the cell cycle, while senescent cells require rigorous non-physiologic interventions that reinforce cell cycle entry (e.g., inactivation of p53). The majority of senescent cells express cell cycle inhibition markers, such as p16INK4a and p53, and have increased lysosomal content, which is indicated by senescence-associated beta-galactosidase activity [9] [10] [11] [12] . Unlike quiescent cells, permanent cell cycle arrest increases cell size and metabolic activity more than twofold compared to healthy cells. Perhaps the most important hallmark of a senescent cell is inability to contribute to tissue repair and regeneration and maintenance of normal homeostasis. In addition, senescent cells possess the peculiar ability to propagate their senescent phenotype through proactive secretion of proteases, growth factors, and cytokines that ultimately lead to the senescence-associated secretory phenotype (SASP) [13•, 14-19] . Senescent cells are involved in multiple degenerative diseases. This review is focused predominantly on the process of senescence in the heart, the hegemonic perpetuation of this phenotype throughout the myocardium, and approaches for reversing a senescent phenotype and rejuvenation of the myocardium.
Cardiomyocyte Senescence
Aging and cardiovascular disease are positively correlated with cardiac diseases reaching epidemic proportions in the elderly. With the progression of aging, the myocardium undergoes degenerative alterations and processes that ultimately lead to myocyte death. Pathologic changes in expression of contractile protein isoforms and altered levels of calciumhandling proteins lead to gradual but increasing deterioration of contractile function [20, 21] . Longitudinal echocardiographic assessments reveal prominent age-related hypertrophy and decrease in diastolic function [22, 23] . In a compensatory effort, remaining myocardium undergoes structural and functional alterations, culminating in reduced myocardial performance as measured by MPI (myocardial performance index) [23] . Age-related cardiac histopathologic alterations present as interstitial and subendocardial fibrosis, hyaline cytoplasmic changes, vacuolization, collapsed sarcomeres, etc. [24] . Morphometeric measurements of aging hearts reveal myocyte hypertrophy, increased myocyte apoptosis, and increased fibrosis and amyloid deposition. The mechanistic basis for the accrual of myocyte age-related changes and senescence involves multiple pathways influenced at multiple levels in the cells [25] .
Myocyte Senescence and Mitochondria
Cardiac aging and susceptibility to senescence are associated with mitochondrial function. During oxidative phosphorylation, mitochondria generate high levels of reactive oxygen species (ROS) as a byproduct of electron transfer. Because signaling is altered by protein oxidation, cellular nucleic acids and proteins are influenced by ROS. In addition, oxidized proteins accumulate in insoluble protease-resistant aggregates and interfere with cellular function. Ironically, ROS also attack mitochondrial nucleic acids, lipids, and proteins, which culminate in mitochondrial DNA mutations and dysfunction by damaging respiratory enzymes. Defects in respiratory enzymes further increase ROS generation, which causes decreased mitochondrial function that promotes cell and organ dysfunction. High metabolic demands of the heart and ROS production as a byproduct of oxidative phosphorylation renders the myocardium prone to oxidative damage and gradual organ malfunction [26, 27] . Initial evidence for the role of mitochondrial ROS in cardiac aging was gathered from overexpression of mitochondria-specific catalase in mice [28] . Unlike overexpression of catalase in the nucleus, mitochondrial catalase increased animal lifespan and resistance to phenotypic changes indicative of cardiac aging.
The rescue of premature aging and senescent cardiac phenotype in hearts of mice by mitochondrial-specific overexpression of catalase supports the premise that ROS production, DNA damage, and biogenesis are contributors of a vicious circle of ROS-induced ROS-release, leading inevitably to functional deterioration. Damaged mitochondria undoubtedly increase metabolic stress upon cells, which in turn stimulates mitochondrial biogenesis through PGC-1 alphamediated signaling. Indeed, PCG-1 knockout mice exhibit decreased mitochondrial biogenesis and reduced cardiac energy production [29, 30] . Although cells naturally posses the ability to produce additional mitochondria to avoid metabolic stress, the protection of mitochondrial biogenesis can be disrupted by the damaging effects of ROS. Mitochondrial biogenesis requires well-orchestrated expression of mitochondrial DNA and transcription factors. ROSmediated mitochondrial DNA damage and mutations are thought to be a major cause of reduced mitochondrial biogenesis in senescent hearts. Mutation of mitochondrial polymerase in middle-aged mice prompts increased oxidative stress, with cardiomyopathic changes [31] . Aged heart cells have a reduced threshold for ROS-induced ROS-release and thus are more sensitive to mitochondrial permeability transition pore (MPTP) induction. MPTP opening leads to mitochondrial swelling and collapse, leading to ATP deprivation, oxidative stress, and apoptosis.
Further validation of the role of mitochondria in cardiac aging was derived from the study of a mutant mouse with alteration of p66shc, a mitochondrial redox enzyme localized in the intermembranous space that forms ROS using electrons, resulting in H 2 O 2 production [32] . Additionally, p66shc accumulates within mitochondria and activates mitochondrial calcium responses to subsequently induce apoptosis. The p66shc genetic mutation increases lifespan and decreases cardiac functional deterioration through decreased oxidative damage in transgenic mice [32] . Along with the natural process of aging, "authentic" cardiac risk factors such as smoking, diabetes, and high levels of homocysteine are additional inducers of oxidative stress, and contribute to furthering the vicious cycle of mitochondrial deterioration. In addition, paracrine effectors such as insulin-like growth factor 1 (IGF-1) induce ROS production and modulate cellular signaling via regulation of redox reactions [33] .
Collectively, these findings illustrate the prominent role that increased mitochondrial ROS production and decreased mitochondrial biogenesis have in aging and organ deterioration.
As a coincident process developing with advanced age, suboptimal mitochondrial function alone may not necessarily appear problematic. However, imposition of additional risk factors, stress, or pathologic challenges such as myocardial infarction, where substrate availability decreases in a highly energy-demanding environment, places demands upon mitochondrial energy production and biogenesis, which ultimately fail, leading to senescence and severe functional deterioration in time.
Myocyte Senescence and Adrenergic Signaling
Chronic activation of beta-adrenergic signaling is deleterious to cardiac function [34] . Increases in heart rate, contractility, peripheral vasoconstriction, and wall stress are tied to heightened catecholamine-driven increases in cardiac metabolic demand in conditions when oxygen availability is limited, such as coronary atherosclerosis. Stimulation of beta-adrenergic receptors decreases anti-apoptotic and anti-oxidative stress signaling, contributing to senescence and functional deterioration in a cascading effect, starting with adenylate cyclase 5 activation, with downstream induction of cyclic-AMP and PKA that act as inhibitors of the cardioprotective Raf/MEK/ Erk pathway [35] . In knockout mice, genetic deletion of adenylate cyclase 5 increases lifespan through upregulation of the Raf/Erk-pathway and increased anti-apoptotic signaling and stress resilience [36, 37] .
Myocyte Senescence and Renin-Angiotensin-Aldosterone System (RAAS) RAAS is another critical player for regulation of cardiac function through angiotensin II (Ang II). RAAS normally acts as a protective mechanism to increase blood pressure following a disturbance of systemic pressure sensed by renal artery flow. Ang II is a vasoconstrictor and plays a crucial role in fluid balance. Persistent RAAS activation with chronic Ang II exposure of myocytes promotes development of cardiac failure [38] . Even more than the systemic production of Ang II, increases in local Ang II are particularly detrimental to cardiomyocytes [39] , which prompted worldwide usage of Ang II blockers for the prevention and treatment of cardiac remodeling. The detrimental effects of Ang II on cardiac myocytes have been studied in transgenic mice that exhibit cardiac-specific elevation of Ang II production. Mice with cardiac overexpression of Ang II reveal a dilated cardiomyopathic and aged phenotype in addition to increased mortality. The major cause of dilated cardiomyopathy was the induced down-regulation of the sarcoplasmic reticulum pump (SERCA2) and diminution of Ca2+ transients, indicative of disruption on calcium homeostasis [40] . Along with the effects on vasoconstriction and fluid balance, Ang II plays an important role in cardiac contractility by increasing cardiac pump function independent of systemic blood pressure, which with persistent stimulation will exacerbate cardiac dysfunction. Cardiac tissue Ang II is significantly elevated in aged rodents, presumably in conjunction with angiotensinconverting enzyme elevation. Although further studies are needed to fully decipher the mechanisms involved in the elevation of cardiac Ang II, cumulative evidence clearly shows that Ang receptor inhibition and disruption decreases age-related cardiac pathology and prolongs lifespan in rodents [41, 42] .
Myocyte Senescence and Mammalian Target of Rapamycin Complex1(mTORC1)
The serine/threonine protein kinase mTORC 1 acts as the cellular sensor for nutrients, stress, cellular growth, and metabolism, and is a major player in cellular aging, metabolic disorders, and cancer. The relationship of mTORC1 to longevity has been established in a variety or organisms [43] . Pharmacologic inhibition or genetic inactivation of mTORC1 increase longevity in rodents [44] . Additionally, suppression of mTORC1 through restriction of caloric intake antagonizes aging in monkeys, suggestive of a potential role for mTORC1 in human longevity. Cardiac aging correlates with maladaptation to stress, hypertrophy, and cardiac failure, so a causal link with mTORC1 is plausible. Cardiac pathologies involving mTORC1 link synergistic increases of stress-induced protein synthesis with decreased protein degradation due to impaired autophagy. Overstimulation of mTORC1 by excessive growth hormone (Ang II, IGF-1, or catecholamines) promotes cardiac senescence, with IGF-1 hyperactivity, in particular, leading to insulin resistance through phosphorylation of insulin receptor-1 (IRS-1) [45] that increases myocardial risk to pathologic changes. Consolidation of all mTORC1 activities in cardiac aging has provided insight and understanding in a new cluster of potential targets for cardiac rejuvenation.
Senescence of Cardiac Stem Cells
Stem cells contributors to repair and regeneration following tissue damage. As primitive and naïve cells, stem cells are highly susceptible to signals and stimuli from their habitat and systemic environment. Thus, stem cells from an unexploited niche are presumably exposed to a "younger" and healthier environment than stem cells from an overly actively proliferating niche. Essentially, the natural process of aging is detrimental to cardiac stem cell quality. Age-related changes such as DNA damage, impaired catabolism, altered epigenetics, and exposure to environmental stress factors contribute to deterioration of stem cell function and negative signaling from the niche towards stem cells, which culminates in a vicious cycle of unfavorable effects on tissue repair and regeneration. Unlike myocytes, stem cells possess a relatively high capacity for proliferation, resulting in an increased susceptibility to single-and double-DNA breaks, chromosomal translocation, telomere erosion, and other types of mutations, ultimately leading to replicative senescence. In addition, cardiac stem cells in a pathologic heart are exposed to chronic elevated levels of Ang II and sympathetic hyperactivity that contribute to initiation and maintenance of senescence. Cardiac stem cells, and particularly c-kit + human cardiac stem cells (hCSCs), undergo senescence in aged and diseased hearts as measured by p16 expression. Stem cells derived from the myocardial tissue of chronic heart failure patients show increased numbers of dual-positive c-kit+/p16+ hCSCs, with concurrent evidence of telomeric shortening [46•, 47] .
Further elucidation of this mechanism in hCSCs has revealed that hCSCs derived from pathologically injured aged hearts have reduced telomerase activity, increased dysfunction foci, and elevated expression of p16 and p21 [48] . The molecular pathways studied in cardiac stem cell senescence appear to those previously identified described in cardiomyocytes. hCSCs senescence is influenced by the IGF-2/IGF2R, HGF/c-Met, and RAAS-activated angiotensin II pathways. Protective IGF-1 increases telomerase activity, maintains telomere length, blocks the occurrence of replicative senescence, and preserves a functional population of cardiac stem cells capable of tissue repair and regeneration, whereas IGF-2 appears to promote adverse effects. HGF production decreases upon age, inhibiting the migratory capability of CSCs in response to tissue damage and external stimuli [49•] . The addition of HGF to rescue migratory potential of CPCs, indeed, increases activity, tissue repair, and regeneration [48] . Additionally, hCSCs are also sensitive to local Ang II and increasingly express AT1R with age. Ang II induces oxidative stress through increased ROS generation. The lifespan of aged hCSCs has been improved through the use of ACE-inhibitors, demonstrating the detrimental effect of Ang II exposure on stem cell functional capacity [50] .
Myocyte and CSC-senescence Synergy; the Role of SASP The environment within tissue is characterized by the collective phenotypes of constituent cells in the contiguous area and their chemical properties as revealed by chemokines, cytokines, and growth factors. In addition, cells communicate and interact with each other in a dynamic network that forms and alters their microenvironment. Simultaneously, extracellular signals that impinge upon cell behavior promote additional phenotypic changes such that the collective population of cells as a whole are intimately related and exhibit solidarity in maintaining tissue homeostasis. The presumptive role of senescent cells to function primarily in suppression of tumor formation through irreversible cell cycle arrest renders them guardians who must notify their local environment when potential replicative errors appear within the population. Indeed, through the development of SASP, senescent cells profoundly alter their transcriptome to provide protection from uncontrolled cell growth through the propagation of permanent cell cycle arrest in a hegemonic fashion throughout the environment . Existence of a senescent secretome was initially demonstrated in fibroblasts undergoing replicative senescence, as revealed by array analysis of the classic wound healing response in surrounding senescent fibroblasts [51, 52] .
SASP factors generally can be subdivided into three major categories: 1) soluble signaling factors, 2) secreted proteases, and 3) insoluble proteins/extracellular matrix components. IL-6, IL-1, chemokines (e.g., IL-8), as well as IGF or colony stimulating factors, are examples of soluble SASP factors that affect neighboring cells through cell-surface receptors. Additionally, select extracellular proteases are known SASP agents, including matrix metalloproteinases and urokinases, that upregulate in multiple cell types upon progression to senescence 19 . Although a wide range of SASP factors are upregulated during senescence, the severity of phenotype and mechanistic basis of senescence appear to be influential in the determination of patterns and levels of secreted factors. Replicative senescence, telomere erosion, DNA damage, and chromatin disruption display a closely related pattern of SASP factors. However, p16-mediated senescent cells do not exhibit any potential for secretion of SASP factors [53] . Another attribute of the SASP is a temporal development of intensity, with progression and severity of SASP driving higher levels of SASP factor production.
Although SASP displays a markedly beneficial role by empowering one particular cell to prevent progression of tumor growth in oncogenesis, the dark side of SASP becomes apparent when it is provoked in the myocardium, where exposure of myocytes to risk factors and/or pathologic challenge ultimately culminate in myocyte senescence. In a proliferative organ that exhibits a high regenerative potential, restricted induction of senescence in troublesome cells and their neighboring brethren may not necessarily lead to dramatic consequences. However, the limited regenerative potential of the heart means that myocyte losses from death or the twilight functional consequences of senescence cannot be adequately compensated by generation of new cardiomyocytes. In addition to a limited baseline regenerative capacity within the myocytes themselves, the cohabitating hCSC are similarly susceptible to risk factors and pathologic injury that lead to conversion into senescence over time. Notably, as postmitotic myocytes undergo senescence as a result of combined effects of metabolic disruptions, RAAS, catecholamines, and DNA damage, bystander hCPCs must cope not only with their chronological aging and premature senescence, but also undergo replicative senescence. Considering the prominent role of SASP in maintaining tissue similitude, SASP factors secreted by cardiomyocytes influence other cardiac cell types, including hCSC. Thus, already-impaired hCSC are further vanquished by SASP factors from myocytes that accelerate deterioration of cardiac regenerative and reparative potential. As the dominos fall, the hCSCs, in turn, are stimulated to secrete stem-cell-specific SASP factors that influence other cell types in the heart, propagating a vicious circle and culminating in the spread of senescence throughout the entire myocardium. Cardiac senescence, therefore, is not solely a "one-cell type concern". Once the process of senescence is initiated, it develops into hegemony of cellular deterioration that ultimately dominates the cardiac function and leaves the heart impaired. Considering the multilayer extent of senescence in the heart, efforts are underway to identify interventional approaches in this senescence-driven downward spiral to inhibit progression of global cardiac deterioration.
Senescence Reversal
If spreading senescence is ultimately detrimental to myocardial performance, then reasonable molecular interventional strategies could be valuable in slowing or reversing the acquisition of a senescent phenotype. Two areas that have been explored in cardiomyocytes are mTORC1 or telomerase manipulation [44, [54] [55] [56] . Correlations that link metabolic activity to aging and senescence have prompted approaches to restrict caloric intake to 30 % of typical daily intake levels in order to study the effects on the cardiovascular systems of rodents and humans. Caloric restriction findings reveal a very powerful ability to prevent structural detrimental changes in the cardiovascular system, partially through reduction of ROS. Inhibition of mTORC1 as a target for longevity and reversal of senescence has also been studied using rapamycin, resulting in reduced cardiac inflammation, increased cardiac ejection fraction, decreased ANP levels, and an overall reduction in the hallmarks associated with myocardial hypertrophy [54, 55] . Alternatively, exploring the influence of telomere length on senescence, hTERT expression in human somatic cells maintains telomere length and antagonizes them reaching their replicative limit. In addition to elongated telomeres, these cells displayed a more "youthful" phenotype defined by their gene expression pattern. Although telomerase expression does not possess the ability to create new myocytes through initiation of myocyte proliferation from a quiescent state, evidence from mouse studies supports a role for telomerase overexpression as an inducer of hypertrophy and protector from cardiac failure through inhibition of apoptosis. Telomerase expression and activity in the heart is an intriguing field to explore, but it is important to be mindful that telomerase can perpetuate in vitro cell immortalization with evidence of associated karyotypic abnormalities. Cautious and rigorous studies are required to assess the feasibility and safety of the further application of telomerase manipulation in the heart.
In the context of stem cells, molecular pathways associated with senescence include IGF-2 signalling, mTOR/autophagy, NO/telomerase/sirtuins, and p38MAPK [50] . Despite this roster of potential signaling players, interference with senescence-promoting pathways in hCPCs remains essentially unexplored. Recently, our group implemented a novel strategy for rejuvenation of hCPCs by overexpression of the proto-oncogene Pim-1. Pim-1 is a serine/threonine kinase that autophosphorylates and plays an important anti-apoptotic and pro-proliferative role in hCPCs. Working with hCPCs isolated from terminal heart failure patients undergoing left ventricular assist device (LVAD) placement implantation, adoptive transfer studies proved hCPCs engineered for Pim-1 overexpression displayed a remarkable increase in cell survival and engraftment, as well as contributing to durable improvement of cardiac function for up to 6 months [57••]. As might be expected, hCPCs derived from failing hearts are exposed to an environmental milieu that would place the heart under severe stress and would likely accelerate development of senescence characteristics. Indeed, subsequent phenotypic characterization of hCPCs isolated from LVAD patients revealed a senescent phenotype characterized by shortened telomeres, high levels of p16 and p53, and limited proliferation capacity. Importantly, modification of hCPCs using Pim-1 ameliorated senescent characteristics, with restoration of youthful telomeric length, enhanced replicative capacity, and decreased levels of p16 and p53 [58••] . To date, Pim-1 engineering of hCPCs has been performed using a lentiviral delivery approach, and further safety testing is warranted. However, of note in the recent study is the fact that even Pim-1-engineered hCPCs underwent in vitro replicative senescence at comparable cell passaging to youthful hCPC controls isolated from fetal hearts [58••] . The efficacy for enhancing myocardial regeneration, together with molecular antagonism of senescence, makes Pim-1 a promising candidate for future interventional approaches in combating loss of functional and reparative potential in the failing heart.
Conclusions
Human beings possess the unique characteristic of remembering the past and worrying about the future, which sets them apart from other organisms. With the knowledge of past statistics and predictions of the future, today's scientific community is engaging in an earnest discussion of aging. It is worth emphasizing that, under normal health conditions, chronologic aging does not necessarily lead to cellular senescence. However, advanced age does provide a protracted platform for exposure to harmful factors that lead to older-age-mediated pathologic alterations and occurrence of senescence. As a mechanistic basis for the development of degenerative diseases, senescence and age-related pathologies has been a fascinating topic for decades in the cardiac field. Molecular studies at multiple levels of cellular biology on myocyte aging have revealed the complexity of senescence in the context of the myocardium. In addition to intracellular biology, the paracrine aspect of senescent cells in a multi-cellular organ with limited regenerative potential contributes to the complexity of senescence-mediated cardiac degeneration. There is more skill and experienced in other fields regarding the interpretation of senescence and primitive cells, and the concept of stem-cellmediated repair and regeneration of the heart is relatively new. On one hand, the recognition of the concept of myocardial stem-cell-mediated regeneration has gained momentum. On the other hand, the understanding of myocardial senescence had added an additional layer of complexity by situating a new cell type to the equation of age-mediated functional deterioration. Stem-cell-mediated SASP holds particular potential for inducing permanent cell cycle arrest in the remaining myocardial stem cell population, leaving the heart with a further diminished regenerative potential. Not only is this phenomenon concerning in the context of endogenous myocardial repair and regeneration, but it also reveals the reality that isolated CSCs from a senescent heart for future adoptive transfer may not represent a "primitive" and highly proliferative cell type that is capable of combating a senescent environment in addition to regenerating new healthy myocytes. Collectively, the treatment of heart failure requires a stringent remedy against myocardial senescence. Future therapeutic interventions require rejuvenation not only of myocytes and the myocardium, but also of isolated CSCs with interventional strategies currently under investigation, such as Pim-1. The cardiac field has a tremendous base of expertise in protective signaling cascades. Perhaps it is time to utilize the accumulated knowledge to proactively encounter senescence using gene therapy, modified-cell therapy, and other timely approaches. (NWO Mozaiek Grant) to Sailay Siddiqi, Alexandre Suermann, MD/ PhD, Stipendium UMC Utrecht to Sailay Siddiqi, and GRASP Research to Sailay Siddiqi.
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